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ABSTRACT 
Electrohydrodimerization of glyoxylic acid is studied in aqueous potassium chloride solution under 
different pH with silver and mercury cathodes using the controlled potential electrolysis technique. 
Identillcation, analysis and product isolation are carried out. In these experiments tartaric acid is found to 
be the major product along with some amount of glycollic acid. 
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INTRODUCTION 
T artaric acid is a very useful natural product. It occurs in the juice of grapes and it is a byproduct in wine industry. It is used in textile print- 
ing, dyeing and pharmaceutical industries [ I ] .  Industrially, tartaric acid is 
produced by the oxidation of carbohydrates and maleic acid (21 although 
there are other chemical methods involving a number of chemical steps [I]. 
It is reported that tartaric acid is one of the electrochemical reduction 
products of glyoxylic acid [3]. The above reduction has been studied mostly 
on dropping mercury electrode 14.51 and no detailed information is 
available about the formation of tartaric acid although the synthesis of 
tartaric acid by electrochemical method seems to be a very interesting one. 
In the present paper, the experimental results of the reduction of glyoxylic 
acid at controlled potential conditions which favour the formation of tartaric 
acid are reported. 
EXPERIMENTAL 
Controlled potential electrolyrir 
All laboratory s&de experiments were carried out in a divided cell at contro- 
lled potentials. 175 ml of 1 M potassium chloride solution taken in acylindri- 
cal vessel of 400 ml capacity was used as catholyte. 8-10'6 solution of potas- 
sium sulphate was used as anolyte and it was taken in a box type cation ex- 
change membrane diaphragm. Silver sheet electrode (20cm2 immersed area) 
was used as cathode and lead plate was used as anode. 6-8 g of glyoxylic acid 
was added to the catholyte in the form of concentrated solution and the pH 
of the catholyte was adjusted to neutral and alkaline pH by the addition of 
potassium hydroxidesoluti~n. Catholyte was mechanically stirred by aglass 
stirrer using a fractional HP motor. The temperature of the electrolyte was 
maintained between 25" and 35°C by external cooling with a water bath. 
In these experiments a potentiostatic three-electrode system was 
employed. The working electrode potential was maintained constant 
between - 1.35 V and - 1.45 V vs SCE and the reference electrode was 
connected to the working electrode through an agar agar potassium chloride 
filled capillary. Experiments werecanied out at neutral and alkalinepH and 
the pH was maintained by the addition of small amounts of dilute 
hydrochloric acid during electrolysis. Electrolysis was continued up to 80 - 
YO1%, conversion of glyoxylic acid. Similar experiments were done with 
mercury pool cathode. 
RESULTS AND DISCUSSION 
Determination of  the rpecier 
The solution obtained after electrolysis was analysed qualitatively for the 
presence of tartaric acid and glycollic acid both by colour test as well as by 
paper chromatographic analysis 16-71. Quantitative analyses of tartaric acid 
[8], glycollic acid [8] and unreduced glyoxylic acid [9] were also carried out. 
Both qualitative and quantitative analyses of the electrolysed solution have 
confirmed the formation of tartaric acid. 
Product irolation 
The electrolysed solution was acidified to pH 3.2 to 3.5 by the addition of 
glacial acetic acid. The solution was stirred well and cooled. Potassium acid 
tartarate (101 of d.1-mixture whose solubility is very low when compared 
with the mesoform was precipitated out and the precipitate was collected 
and dried. The soluble portion of the meso form of tartaric acid was 
precipitated as calcium salt and the meso tartaric acid was regenerated by 
the addition of sulphuric acid solution. The filtrate obtained after the 
removal of calcium sulphate was concentrated to collect the crystallised 
meso tartaric acid. 
Table I gives the results of the controlled potential experiments done at 
neutral and alkaline pH. Tartaric acid with a maximum of 72% yield was 
obtained along with 20 - 40 %yield of glycollic acid. The above experimental 
results have confirmed that glyoxylic acid undergoes reductive dimerization 
as follows : 
CHO CHOHCOOH 
+ 2 H + + 2 e -  d 1 
COOH CHOHCOOH 
CONCLUSION 
.Tartaric acid can be prepared with good yields by electrohydrodimerization 
of glyoxylic acid at neutral and alkaline pH conditions using silver and 
mercury cathodes. 
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